In two different experiments silages prepared with formaldehyde-containing additives were fed to cows with and without formaldehyde-treated urea, and formaldehyde was determined on both the silage and the milk. The silage additive contained 20 % HCHO and 30 % 80-% acetic acid and it was used at the rate of 5 1/ton raw material. The treatment levels of urea were 1.4-1.5 g HCHO/100 g urea. Twenty-two Friesian cows were used in Experiment 1 and 20 Ayrshire cows in Experiment 2. In Both experiments they were divided into two groups, one of which had silage as the only source of formaldehyde and the other both silage and HCHO-treated urea. Exp. 1 lasted 18 weeks and Exp. 2 13 weeks. The average daily milk yield in Exp. 1 was 14.2 kg and in Exp. 2 it was 22.8 kg FCM.
In Exp. 2 the cows in the two groups received HCHO from the silage at the average rates of 1.47 g and 1.58 g/day. In addition those in the latter group received 1.29 g HCHO from the HCHO-urea (altogether 2.87 g/day). The average formaldehyde content of the milk in the former group was 0.3 mg/1 (0-0.7 mg/1) and in the HCHO-urea group 0.6 mg/1 (0.3-1.0 mg/1). When the only source of formaldehyde was silage, there was a highly significant positive correlation between the HCHO content of the diet and that of milk, but when the cows received formaldehyde from both silage and HCHO-urea, the correlation was not significant. It thus appears that formaldehyde is transferred more easily to milk from silage than from HCHO treated urea. introduction The use of formaldehyde-containing silage preservatives has increased in the 19705. The recommended amounts of these preservatives, 4-6 1/ton grass, have, at least in Finland, generally been equivalent to 900-1300 mg of free formaldehyde/kg grass at the beginning of ensiling. Although the formal-dehyde disappears more or less during ensiling, it has been showed, that it can be present in mature silage and can affect the formaldehyde content of the milk (BECK and GROSS 1973 , HONIG and ROHR 1973 , RAURAMAA and KREULA 1977 .
The purpose of this study was to examine the formaldehyde content of silages prepared with formaldehyde-containing additives on the scale used in farming, and the formaldehyde content of milk from cows fed on those silages. Together with the silages, some cows also received formaldehydetreated urea (SETÄLÄ and SYRJÄLÄ-QVIST 1982 a, b, c) . This study comprises two separate experiments, whose procedures are explained in more detail in other papers SYRJÄLÄ-QVIST 1982 d, Exp. 1, SETÄLÄ et ai. 1982, Exp. 2).
Experimental procedures
Experiment 1 was performed with 22 Friesian dairy cows divided into two groups: 1) Group given untreated urea 2) Group given formaldehyde-urea, 1.5 g HCHO/100 g urea (SETÄLÄ and SYRJÄLÄ-QVIST 1982 a, b, c) The average daily ration of a cow consisted of 10 kg grass silage, 10 kg hay, 4.5 kg ground barley-oats mixture and 122-134 g urea adjusted according to the nutrient requirement.
The silage was pre-wilted, with a dry matter content of 22.7 %, and preserved with formaldehyde-containing additive, Viher solution (20 % formaldehyde and 30 % 80-% acetic acid) at the rate of 5 1/ton raw material. On average, the dry matter of the silage contained crude protein 15.3 %, crude fibre 33.0 %, sugars 1.6 % and NH 3 -N 0.17 %. The pH was 4.0 and the quality was good.
Urea was mixed with the concentrate, its proportion being 2.5-3.0 %. The crude protein content of the rations was 14.0-14.8 % of dry matter. Experiment 1 lasted 18 weeks, including the 8-week test period (for details, see SETÄLÄ and SYRJÄLÄ-QVIST 1982 d). The average daily milk yield during the test period in the group given untreated urea was 13.7 kg and in the group given formaldehyde-urea 14.6 kg.
Experiment 2 was performed with 20 high-production Ayrshire cows, of which 7 cows received no protein supplements, 7 cows received rape seed meal as supplement and 6 cows received formaldehyde-urea (1.5 g HCHO/ 100 g urea) as supplement. For this study they were grouped as follows: 1) Group given no urea (14 cows) 2) Group given formaldehyde urea (6 cows)
The average daily ration consisted of 23.0-25.4 kg grass silage, 1.6 kg hay, 7.5-9.2 kg ground barley-oats mixture, adjusted according to the nutrient requirements, with no protein supplement or with 600 g rape seed meal or 118 g formaldehyde urea.
The silage was fresh-cut silage, with a dry matter content of 22.3 %, and preserved as in experiment 1 with Viher solution. On average, the dry matter of the silage contained crude protein 14,9 %, crude fibre 32,2 %, sugars 3.2 % and NH3-N 0.14 %. Its pH was 3.8.
Urea was given with the concentrate, its proportion being 1.1-2.2 %. The crude protein content of the ration was 12.4-15.2 % of dry matter.
Experiment 2 lasted 13 week including the 8-week test period (for details, see SETÄLÄ et ai. 1982). The average daily milk yields during the test period in the group given no urea was 24.6 kg and in the formaldehyde-urea group 20.9 kg.
The formaldehyde content of the silage, formaldehyde-urea and milk was measured on samples taken before the test period and every second (Exp. 1) or every third (Exp. 2) week during the test period. The determinations were made by the method of BECK and GROSS (1973), with slight modification (ANON 1975 , see also KREULA and RAURAMAA (1976) .
Results
Experiment 1. The formaldehyde content of the silage averaged 13 mg/kg (10-16 mg/kg, n = 5). The amounts of formaldehyde received by different diets were as follows: Formaldehyde was found in the milk of only four of the cows on the formaldehyde-urea diet, but not on each of the five sampling times. It was present in only one milk sample from three of these four cows and in two samples from one. In these samples the formaldehyde content was 0.2-0.3 mg/1 milk. No formaldehyde was found in the milk of the cows on the untreated urea diet. Experiment 2. The formaldehyde content of the silage averaged 64 mg/kg (45-90 mg/kg, n = 8). The amounts of formaldehyde received by the animals on the different diets were as follows: There were large variations in the formaldehyde content of the milk. When the diet contained no urea, or when the only source of formaldehyde was the silage, the formaldehyde content of the milk averaged 0.3 mg/1, ranging from 0 to 0.7 mg/1. On the formaldehyde-urea diet, or when the animals received formaldehyde from both the silage (55 %) and the urea (45 %), the formaldehyde content of the milk averaged 0.6 mg/1, ranging from 0.3 to 1.0 mg/1.
Discussion Formaldehyde content of silage
The formaldehyde content of the silage in Exp. 2 was about 2'A times as high as in Exp. 1., although the levels of application were the same in the two cases. The amount of Viher solution, about 5 1/ton grass, added during preparation of the silage, corresponded to about 1000 mg formaldehyde/kg grass. The proportion remaining in the mature silage was only 1.0-1.6 %in Exp. 1 and 4.5-9.0 % in Exp. 2. In both experiments the first formaldehyde measurements were made on the silage when at least 4 months had elapsed from their preparation and the last ones 2-3 months later.
The reason for the different formaldehyde levels in the silages is difficult to know, because of the many differences in the way in which they were prepared, for instance, in the pre-treatment of the raw material, the form of the silo, the care taken in preparation. According to the organoleptic assessments (based on colour, odour etc.) the quality of the silage in Exp. 1 was much better than that of the silage in Exp. 2, although according to the fermentation criteria the quality of the two silages was the same, and quite good (table 1) . So the poorer organoleptic quality of the silage in Exp. 2 may reflect the higher residue of formaldehyde.
The formaldehyde content of silage has varied in different studies. HONIG and ROHR (1973) used 900-1860 mg formaldehyde per kg raw material and found that the residues in the mature silage were 38-100 % of the orginal amount. BECK and GROSS (1973) found residues of less than 10 % 3-4 weeks after preparation and 0.5-1 % after 10 weeks, the average formaldehyde concentration in the silage samples being about 1 mg/kg. In laboratory experiments no formaldehyde residues were found in Viher solution silage (KREULA and RAURAMAA 1977) , whereas in farm silages the formaldehyde concentration in the autum samples averaged 120 mg/kg and in the spring sarnies 59 mg/kg (RAURAMAA and KREULA 1977) . It seems that the amounts of formaldehyde used in silage making, are actually so low that their effect in practical silage making is very difficult to determine. The same thing was observed when the protein-protective effect of formeldehyde-containing silage additives was studied. The results have varied: sometimes an effect could be demonstrated; sometimes no effect was found (BARRY and FENNESY 1972 , SYRJÄLÄ 1972 , 1975 , ETTALA et al. 1975 , MUHLBACH and KAUFMANN 1979 .
Transfer of formaldehyde from feeds to milk
The results of Exp. 2 showed that an increase in the amount of formaldehyde in the diet was accompanied by a rise in the formaldehyde content of the milk (Fig. 1-2 Table 2 ). When the only source of formaldehyde was silage, there was a significant positive correlation between the formaldehyde content of the diet and that of the milk (Y = 0.22 X-0.03, r = o.6o***, Fig. 1 ). When the cows also received formaldehyde from formaldehyde-urea, the correlation was not significant (Y = 0.05 X+0.37, r = 0.26, Fig. 2) . It thus appears that the transfer of formaldehyde to milk occurs more easily and more completely from silage than from formaldehyde-treated urea. This conclusion is supported by the results of Exp. 1, where formaldehyde was found in only a few milk samples. In Exp. 1 the main source of formaldehyde was formaldehyde-urea (94 %), the formaldehyde content of the silage being insignificant. The total formaldehyde supply of the cows on the formaldehyde-urea diets was, however, at the same level in Exp. 1 and Exp. 2: 2.14 and 2.87 g/cow/day, respectively.
One reason for these results may be that the formaldehyde is rather tightly bound to the urea. This is supported by the fact that the formaldehyde content of the urea remained constant throughout the experiments. It should also be mentioned here that there were large individual differences between the cows in the formaldehyde content of the milk. This was seen most clearly in Exp. 1.
The other studies concerning the formaldehyde content of milk have given varied results (BECK and GROSS 1973 , KREULA and KAURAMAA 1976 , WRENN et al. 1976 , SYRJÄLÄ et ai. 1978 . This can be attributed to differences in the formaldehyde content of the ration and in the components of the rations that have been treated with formaldehyde. The methods of determining formaldehyde and their exactness have also varied.
